Selective reduction in synaptic proteins involved in vesicle docking and signalling at synapses in the ataxic mutant mouse stargazer.
The spontaneous recessive mutant mouse stargazer has a specific and pronounced deficit in brain-derived neurotrophic factor (BDNF) mRNA expression in the cerebellum. Cerebellar granule cells, in particular, show a selective and near-total loss of BDNF. The mutation involves a defect in the calcium channel subunit Cacng2. This severely reduces expression of stargazin. A stargazin-induced failure in BDNF expression is thought to underlie the cerebellar ataxia with which the mutant presents. BDNF is known to regulate plasticity at cerebellar synapses. However, relatively little is known about the mechanism involved. We previously demonstrated that the stargazer mutation affects the phenotype of cerebellar glutamatergic neurons. Stargazer neurons have less glutamate and proportionally fewer docked vesicles at presynaptic sites than controls. In the current study, we investigate the mechanism underlying BDNF-induced synaptic changes by analyzing alterations in synaptic signalling proteins in the stargazer cerebellum. Expression levels of synaptic proteins were evaluated by measuring relative density of immunogold label over granule cell terminals in ultrathin sections from ataxic stargazer mutants compared with matched nonataxic littermates. We show that there is a selective and marked depletion in the levels of vesicle-associated proteins (synaptobrevin, synaptophysin, synaptotagmin, and Rab3a) but not of plasma membrane-associated protein (SNAP-25) in the terminals of the BDNF-deficient granule cells. Changes are restricted to the cerebellum; levels in the hippocampus are unaltered. These data suggest that the BDNF deficits in the cerebellum of stargazer affect synaptic vesicle docking by selectively altering synaptic-protein distribution and abundance.